Strong epidemiological data exists implicating anthropometric risk factors in breast cancer aetiology. In premenopausal women the risk of breast cancer increases with increased height, yet decreases with increasing weight and BMI. Although the evidence is not strong, a counter-intuitive positive relationship between central adiposity and premenopausal breast cancer risk is emerging. In post-menopausal women an increased risk in breast cancer has been found for all anthropometric measures: height, weight, BMI, measures of central adiposity (waist:hip ratio and waist circumference) and weight gain, with breast size being a possible additional risk factor. Weight loss as a strategy for reducing breast cancer risk seems to offer a viable prophylaxis in obese post-menopausal women, although data are limited. The evidence for anthropometric measures in relation to breast cancer risk is consistently stronger for post-menopausal women compared with premenopausal women and seems to be dependent on age. A number of possible biological mechanisms have been offered to explain the link between breast cancer risk and anthropometric measures. It has been hypothesised that obesity, especially central fat deposits, linked to insulin resistance, increases circulating hormones such as oestrogens, androgens, insulin, insulin-like growth factor-1 (IGF-1), and decreased levels of hormone-binding proteins such as steroid hormone-binding globulin and IGF-1 binding protein-1. Thus there are resulting increased concentrations of bioavailable sex hormones, which have been linked to increased breast cancer risk. As obesity is an important modifiable risk factor, which has been linked to increased post-menopausal breast cancer, public health recommendations to maintain ideal weight throughout life are warranted. 
Introduction
they confirmed a significantly positive RR in subjects over the age of 80 years (Moller et al. 1994) . This study and others demonstrate that menopausal status and/or age can be an important determinant in the influence of body weight on breast cancer risk. The evidence linking obesity and breast cancer is sometimes conflicting mainly due to this differential effect of obesity on premenopausal and post-menopausal breast cancer risk. Some studies have not separated women into menopausal state (Schapira et al. 1990; Petrek et al. 1993) , which undoubtedly adds to the confusion over the relationship between breast cancer and body fatness. In 1998 the Department of Health published a report on the Nutritional Aspects of the Development of Cancer (Department of Health, 1998) . Within this report it was stated that there was a weak negative association between overweight and obesity and premenopausal breast cancer, but a strongly consistent body of evidence for a positive association between BMI (weight (kg)/height (m) 2 ) and post-menopausal breast cancer, although the RR were small (Department of Health, 1998) . It reported increasing evidence for a specific association between central adiposity and a higher risk of post-menopausal breast cancer. To date these views are still held, although there is increasing evidence that central adiposity may also be positively associated with premenopausal breast cancer (Huang et al. 1999; Sonnenschein et al. 1999; Muti et al. 2000) . The link between anthropometric measures and the two forms of breast cancer; namely pre-and post-menopausal, is summarised in Table 1 and will be discussed in separate sections in the present review.
Premenopausal breast cancer risk

BMI and premenopausal breast cancer
Although the literature is not always consistent there is a consensus of opinion that there is a significant negative association between BMI (as an index for obesity) and premenopausal breast cancer (Friedenreich, 2001) . Although statistically significant, the relationship was found to be non-linear with a risk of 0 . 54 (95 % CI 0 . 34, 0 . 95) reported for women with a BMI greater than 31 kg/m 2 compared with a BMI less than 21 kg/m 2 (van den Brandt et al. 2000) . It has been reported that data are relatively consistent in case-control studies, but less consistent for cohort studies (Cold et al. 1998; Friedenreich, 2001 ). Yet data from studies of different designs cannot be equally weighted, when assessing RR. Case-control studies have inherent weaknesses, using self-reported anthropometric measures rather than accurately measured values in cohort studies. In addition some of these studies had relatively small numbers, which could also have been a limiting factor.
Several reports have attempted to clarify the relationship of BMI with the development of premenopausal breast cancer. In a meta-analysis using four cohort studies and nineteen case-control studies published between 1966-1992, Ursin et al. (1995) reported the risk to be 09NRR045 29/10/02 10:07 AM Page 391 0 . 7 (95 % CI 0 . 54, 0 . 91) for the cohort studies and 0 . 88 (95 % CI 0 . 76, 1 . 02) for the case-control studies comparing thin and obese women (difference of 8 kg/m 2 ) and reached the conclusion that there was a significant trend for decreased RR for premenopausal breast cancer in association with increased BMI. This was supported by probably the strongest data to date, from the Pooling Project in Diet and Cancer (Hunter et al. 1996; van den Brandt et al. 2000) . This study reported on the re-analysis of the original, individual-level data from seven prospective cohort studies conducted worldwide. An impressive 33 7819 women and 4385 incident invasive breast cancer cases were included. It was reported that compared with women with a BMI of less than 21 kg/m 2 , women with a BMI greater than 31 kg/m 2 experienced a risk of 0 . 54 (95 % CI 0 . 34, 0 . 95) and it was concluded that there was a significant negative association between BMI and premenopausal breast cancer. Using a different approach, Pathak & Whittemore (1992) evaluated seven populations representing subjects considered to be at high (women from USA), medium (women from Brazil, Greece and Yugoslavia) or low (women from Taiwan and Japan) risk for the development of breast cancer. They concluded that the inverse relation of BMI and the RR for development of premenopausal breast cancer was only characteristic of populations that were reported to be at high risk for this type of cancer, while a positive relationship was demonstrated for populations of low risk from premenopausal breast cancer. The conclusions of Pathak & Whittemore (1992) that the negative association between BMI and premenopausal breast cancer applies only in high-risk populations is intriguing, and requires further investigation. Literature on the association between BMI and premenopausal breast cancer in groups at lower risk is limited, as little research has been completed in these populations. However a study performed by Ziegler et al. (1996) investigated Asian-American women (Chinese, Japanese or Filipino) who in their country of origin are reported to have a 4-7-fold lower risk from breast cancer then Western natives. In this group premenopausal breast cancer risk was found to be lower in heavy American-Asian women, which is consistent with data from studies investigating American-Caucasians, but not consistent with the idea that low-risk women have the opposite relationship between BMI and breast cancer. The consistent relationship between breast cancer risk in Asian-Americans and Caucasian-Americans may be due to a similar relationship between BMI and premenopausal breast cancer in high-and low-risk groups. However, conversely, an explanation for the data of Ziegler et al. (1996) could be that populations emigrating to Western societies (such as the USA) take on risk characteristics and statistics of the new population, rather than retaining that of their native populations, which has been reported for other chronic diseases such as cardiovascular disease. However a recent population-based case-control study among Chinese women in urban Shanghai (a group at low risk of breast cancer development) presenting with breast cancer reported that there was no relationship between BMI and premenopausal breast cancer risk (Shu et al. 2001) . Whether this reflects the weaknesses of the study design (case-control) or an actual lack of association is yet to be determined. However Shu et al. (2001) did report that waist:hip ratio (a measure of central obesity) was positively related to an increased risk of premenopausal breast cancer (odds ratio = 1 . 7 for the higher compared with the lowest category). This positive association between measures of central fat accumulation and premenopausal breast cancer, but a negative association with total body fat and premenopausal breast cancer risk, seems counter-intuitive and is discussed in more detail in the section on possible mechanisms (see p. 398).
Time of weight gain and premenopausal breast cancer
Another important consideration is the time at which body weight measurements are recorded relative to diagnosis, as this may have significant bearing on the association with breast cancer incidence. However in the case of premenopausal women the inverse association between BMI and breast cancer seems evident, regardless of whether weight is assessed at time of diagnosis, soon after or at an earlier time (i.e. during childhood, adolescence or adulthood) (Hislop et al. 1986; London et al. 1989; Brinton & Swanson, 1992; Ursin et al. 1995) . Earlier studies found that the inverse association between relative weight and breast cancer risk in premenopausal women was limited to women with small tumours (Willet et al. 1985; Swanson et al. 1989) . However subsequent analysis suggests that detection bias does not explain the increased risk for breast cancer observed among lean premenopausal women (London et al. 1989; Brinton & Swanson, 1992; Tornberg & Carstensen, 1994) .
Weight and premenopausal breast cancer
In addition to this negative association between BMI and premenopausal breast cancer, most data also suggest a negative association between body weight and risk for breast cancer (Friedenreich, 2001 ). This is not an unexpected finding as weight is one of the variables of BMI. As with the association between BMI and premenopausal breast cancer risk the evidence is stronger for case-control studies than for prospective cohort studies (Cold et al. 1998) . The explanation for this is that inconsistencies found in cohort studies may be attributable to some methodological limitations inherent in those study designs. Since weight was sometimes measured at baseline and not re-measured during follow-up assessments, and because women gain weight as they age, the ability to detect an association between weight measured several years before diagnosis may be diminished. The data from the Pooling Project on Diet and Cancer reported an inverse association, with a risk of 0 . 58 (95 % CI 0 . 40, 0 . 83) among women weighing 80 kg or more compared with those weighing 60 kg (van den Brandt et al. 2000) .
Height and premenopausal breast cancer
The other variable used for the calculation of the BMI is that of height. Most studies have found a positive association between breast cancer and height (Ballard-Barbash, 1994; Cold et al. 1998; van den Brandt et al. 2000) . For this anthropometric parameter evidence from cohort studies is stronger than that from case-control studies. This could be a reflection of methods of data collection, with cohort studies usually reporting measured height whereas case-control studies used self-reported height. Among those studies that were able to examine risk by menopausal status, a weaker positive association was reported for premenopausal women (Ballard-Barbash, 1994; Department of Health, 1998) . It was concluded by the Department of Health Report on Nutritional Aspects of the Development of Cancer that there was no clear association with height and premenopausal breast cancer risk (Department of Health, 1998) . The range of risks estimated for taller compared with shorter premenopausal women was 0 . 8-l2 . 0 (Ballard-Barbash, 1994) . Data from the Pooling Project showed a lower, but significant, relationship between height and premenopausal breast cancer. It expressed the risk in a different form; the RR of breast cancer per height increment of 0 . 05 m was 1 . 02 (95 % CI 0 . 96, 1 . 10) in premenopausal women (van den Brandt et al. 2000) . Another report on AsianAmerican women also observed increases in risk with increased height (RR of 2·0 over 0·18 m range in height (<1 . 51 m->1 . 66 m)) (Ziegler et al. 1996) .
An increased risk of premenopausal breast cancer and height has been observed worldwide. However stronger associations have generally been found in populations that have limited Obesity, central fat and breast cancer 393 energy intake in childhood and adolescence, which limited growth. This is true for developing countries and populations that experienced acute food shortages such as during and after World War II in Europe (Vatten & Kvinnsland, 1990) . The explanation for this association may be due to childhood energy intake (with height as an indicator) being associated with a number of other risk factors. One of these may be mammary mass, which may be a significant risk factor for breast carcinomas (Swanson et al. 1988; Hunter & Willet, 1993) , or increased insulin resistance.
Body fat distribution and premenopausal breast cancer
The location of body fat, especially centrally, has been found to have a positive association with a number of diseases. Female upper body obesity (central or abdominal obesity) has been reported to be associated with increased risk of mortality (Folsom et al. 1993) especially from cardiovascular disease and diabetes (Van Noord et al. 1990; Zamboni et al. 1997) . Recent interest has also focused on body fat distribution to help elucidate the relationship between obesity and breast cancer risk. Direct imaging techniques such as computerised tomography, magnetic resonance and dual energy X-ray absorptiometry are the most accurate techniques to estimate total and regional fat deposits (Armellini et al. 1996) . However due to expense, practicality and availability of equipment, many large population studies have relied upon indirect measures of these fat depots. Although waist:hip ratio has been the most commonly used measure for abdominal fat depots, waist is now emerging as the more favoured measure. Waist has been identified as the strongest correlate of both degree of obesity and visceral fat deposit when different anthropometric measurements were compared with direct imaging techniques (Molarius & Seidell, 1998) . Therefore it is important to bear in mind that comparison of studies that use different methods for determining different fat deposits may be inappropriate, although with no alternative, rational conclusion must be made from the available data. Although the evidence is again not consistent, the majority of studies report a positive association between central adiposity and premenopausal breast cancer risk. Ballard-Barbash et al. (1990) reporting on the 2201 women participating in the Framingham study stated that only women in the highest quartile for central to peripheral body fat distribution (calculated from the sum of the trunkal skinfolds: chest, subscapular and abdominal, divided by the sum of the extremity skinfolds: triceps and thigh) demonstrated an increased risk of breast cancer of 1 . 8 (95 % CI 1 . 2, 2 . 6) irrespective of menopausal status. Schapira et al. (1990) reported that breast cancer subjects with no designated menopausal status had a higher waist:hip ratio than did control subjects. Recent reports of prospective cohort studies from the ORDET (Hormones and Diet in the Etiology of Breast Cancer) study, on breast cancer in Italy (Muti et al. 2000) and the New York University Women's Health Study (Sonnenschein et al. 1999) have shown a significant positive association between waist:hip ratio and premenopausal breast cancer risk of 2 . 2 (95 % CI 1 . 0, 4 . 8) and 1 . 7 (95 % CI 1 . 0, 3 . 1) respectively. Huang et al. (1999) reported a non-significant positive relationship between waist circumference and premenopausal breast cancer in the prospective cohort study of 47 382 US registered nurses reporting anthropometric measurements in 1986 and in 1994 for identification of incident cases of breast cancer. However, both reports from the prospective cohort study of 11 663 women in a breast-cancer screening programme (the DOM (Doorlopend Onderzock Morbiditeit en Mortal)) project in Utrecht, Netherlands) reported an equivocal association between fat distribution (measured as waist-to-hip ratio) and premenopausal breast cancer (den Tonkelaar et al. 1995; Kaaks et al. 1998) . The inconsistencies in the literature may relate to varying methods used to measure central fat. However despite these inconsistencies, there is a growing body of evidence that supports a weak positive association between central fat accumulation and premenopausal breast cancer risk.
Post-menopausal breast cancer risk
BMI and post-menopausal breast cancer
Following early animal experiments, which demonstrated that the incidence of breast tumours increased when mice were fed diets high in energy and fat (Tannenbaum, 1942 ), de Waard et al. (1964 postulated that over-nutrition and obesity were key determinants of post-menopausal breast cancer. The evidence for obesity in post-menopausal breast cancer risk is becoming stronger. As with weight, BMI showed a significant positive association in post-menopausal women in the Pooling Project analysis. The risk of post-menopausal breast cancer at or above a BMI of 28 kg/m 2 was 1·26 (95 % CI 1·09, 1·46) compared with a BMI below 21 kg/m 2 . However the risk did not increase after this weight, confirming a non-linear relationship (van den Brandt et al. 2000) . Some studies are consistent with these observations, although inconsistencies in data are also evident (Friedenreich, 2001) . The report from the Department of Health on the Nutritional Aspects of the Development of Cancer reported a consistent body of evidence for a positive association between BMI and post-menopausal breast cancer, although the RR were small (Department of Health, 1998). This association was reported to be statistically stronger than the association with premenopausal breast cancer and supports previous reports (Pathak & Whittemore, 1992; Cleary & Maihle, 1997) . Inconsistencies in the literature could be due to a number of confounding factors. Factors that have been identified as confounding include those of small sample size, populations with a narrow range of weight and BMI and the age of the population studied (Ballard-Barbash, 1994). The evidence for age as an important factor in the interaction of body weight and postmenopausal breast cancer risk is strong (Peacock et al. 1999) . Although Moller et al. (1994) reported that obesity was associated with inverse RR of developing breast cancer in subjects under the age of 49, they confirmed a significantly positive RR in subjects over the age of 80 years. This study, amongst others, identified age as an important determinant in the influence of body weight on breast cancer. Results from a re-analysis of combined data from three Italian studies included more than 3000 post-menopausal breast cancer subjects over 50 years of age (La Vecchia et al. 1997) and reported a significant increased risk of 1·4 for BMI quintiles ranging from <21·8-28·4 kg/m 2 . However when subjects were divided into three age categories (50-59, 60-69, >70 years of age) a significant increase in RR for breast cancer was only observed in the youngest and oldest group. Ziegler et al.'s (1996) case-control study on Asian-American women also investigated age as a variable and concluded that trends in risk became more striking as adiposity in each succeeding decade of life was considered. It could be concluded from the evidence of these well-controlled studies that the effect of BMI on risk of post-menopausal breast cancer does depend on age. If obese premenopausal women have a reduced risk of breast cancer with increased obesity, which has been reported, then it seems unlikely that obese women would suddenly have a higher risk immediately after menopause. It seems plausible that it would take time before the increased risk of breast cancer in the post-menopausal obese women outweighs the previous protective effect observed in premenopausal women. Yong et al. (1996) investigated the issue of the timing of weight recording. It was reported that the RR for developing post-menopausal breast cancer was not associated with BMI calculated from premenopausal height and weight, but from the higher BMI calculated from height and weight obtained after menopause, which was a positive risk factor (Yong et al. 1996) . The issue of weight recording and post-menopausal breast cancer could be an important factor contributing to the weaker relationship between BMI or weight and post-menopausal breast cancer risk in cohort studies compared with case-control studies (van den Brandt et al. 2000) . In cohort studies, the long interval between weight assessment and diagnosis allows a greater Obesity, central fat and breast cancerinterval for weight change and perhaps results in greater misclassification of women in relative weight categories (Ballard-Barbash, 1994) . In addition to time of weight recording, weight changes throughout life have been investigated. Contrary to results from premenopausal breast cancer risk, timing of weight gain has been found to have significant influence on postmenopausal breast cancer risk (Ballard-Barbash, 1994; Cold et al. 1998; Department of Health, 1998; Friedenreich, 2001) . It has been suggested that excess weight gain may function as a late stage promoter of breast carcinogenesis, although this requires further investigation (Zeigler et al. 1996) .
Height and post-menopausal breast cancer
It has been estimated by Ballard-Barbash (1994) that the overall range of risks for breast cancer for taller compared with shorter post-menopausal women is 1 . 3-1 . 9, with an increased risk in those women with a family history (RR of about 2·0). The most recent and comprehensive assessment of height and breast cancer risk is the Pooling Project of Diet and Cancer. After multivariate analyses controlling for reproductive, dietary and other risk factors the pooled RR of breast cancer per height increment of 0 . 05 m was 1 . 07 (95 % CI 1 . 03, 1 . 12) in postmenopausal women (van den Brandt et al. 2000) . These data support most previous studies investigating breast cancer and height (Cold et al. 1998) . As for premenopausal breast cancer risk and height, evidence from cohort studies is stronger than the case-control studies as cohort studies use measured height, whereas case-control studies rely on self-reported values (Friedenreich, 2001 ). Yet the balance of evidence suggests that the relationship between height and breast cancer risk is stronger for post-compared with premenopausal women (Department of Health, 1998).
Timing of weight gain and post-menopausal breast cancer
Adult weight gain has been linked consistently to an increased risk for post-menopausal breast cancer (Ballard-Barbash, 1994) even in cohort studies that have found no association between relative weight at baseline (London et al. 1989; Ballard-Barbash et al. 1990; Folsom et al. 1990 ). In addition, the effect of adult weight gain and disease has been independent of relative weight in most analyses (London et al. 1989; Ballard-Barbash et al. 1990; Folsom et al. 1990 ). It has also been reported that the magnitude of excess risk was greater for adult weight gain than for higher recent body weight (Le Marchand et al. 1988; Kumar et al. 1995; Huang et al. 1997) . Consistent findings of a positive relationship between weight gain and post-menopausal breast cancer risk have been reported despite the heterogeneity among studies in the definitions of weight gain, use of weight gain v. increases in BMI and relevant ages (Trentham-Dietz et al. 2000) . A case-control study that contained data on weight at various ages found only a slight inverse association between post-menopausal breast cancer and weight at younger age (15, 20 and 25 years of age), but found an increased risk associated with heavier weight both during menopause and at time of diagnosis that was more striking amongst older post-menopausal women (70 years of age) (Choi et al. 1978) . Several studies have indicated that increases in either body weight or BMI status from teenage years until near the time of diagnosis were associated with increased RR for development of post-menopausal breast cancer (Paffenbarger et al. 1980; London et al. 1989; Folsom et al. 1990) . However the more important weight gain is that during adulthood and after the menopause.
The Department of Health has stated that the RR for weight gain of more than 10 kg was in the order of 2 . 0 in at least three studies, particularly if individuals were lean in early adulthood (Department of Health, 1998) . If menopausal weight is an important marker of risk as evidence suggests, most existing cohort studies are unlikely to demonstrate an association between weight and breast cancer. Many of these studies have recorded weight in the premenopausal period and therefore their weight measures do not include the effect of menopausal weight gain. This may account for the observation that cohort studies often report little, weak or no associations between weight and weight gain and post-menopausal breast cancer risk. It has been postulated that the timing of weight gain may be an important consideration, as excessive weight gain during periods of hormonal change such as puberty, pregnancy, lactation and menopause could have differing physiological effects because of the location of fat deposition during these periods (Stoll, 1999) . Weight gain during puberty is predominantly on the hips and buttocks (gynoid), conversely weight gain during pregnancy and menopause is characterised by an increased central fat distribution (android) (Kumar et al. 1995) . Stoll has postulated that excessive weight gain during the times of hormonal change may result in metabolic dysfunction leading to hyperinsulinaemia (Stoll, 1995) . This will be discussed in more detail later (see p. 404).
Weight loss and post-menopausal breast cancer risk
Weight loss, particularly later in life, may decrease breast cancer risk (Zeigler et al. 1996; Trentham-Dietz et al. 1997 , 2000 van den Brandt et al. 1997; Magnusson et al. 1998) . The estimated RR for weight loss has been estimated as 0 . 8-1 . 5 (95 % CI) in post-menopausal women (Ballard-Barbash, 1994) . However weight cycling, defined as successive weight loss and gain, does not appear to relate to breast cancer risk, although few studies have examined this potential risk factor (Trentham-Dietz et al. 2000) .
It has been postulated that the decrease in breast cancer risk due to weight loss could be mediated through changes in hormonal status and body fat distribution (Kumar et al. 1995 ). An increase in sex hormone-binding globulin (SHBG) has been reported in women after weight loss (Schapira et al. 1994) . Women with a predominant central body fat distribution have been shown to have decreased fat cell size after energy restriction, thereby reducing abdominal obesity, reducing breast cancer risk (Schapira et al. 1994) .
Body fat distribution and post-menopausal breast cancer
Location of fat deposition as a separate risk factor for post-menopausal breast cancer has been examined by an increasing number of investigators. Several studies have found that women with a predominant upper body-fat distribution are at an increased risk for post-menopausal breast cancer independent of body weight (Ballard-Barbash et al. 1990; Folsom et al. 1990; Schapira et al. 1990; Sellers et al. 1992; Kumar et al. 1995; Männistö et al. 1996; Ng et al. 1997; Magnusson et al. 1998; Sonnenschein et al. 1999; Hall et al. 2000) . Schapira et al. (1990) reported a well-controlled study in which breast cancer patients were matched for age, weight, height, BMI and percentage body fat with control subjects. A higher visceral fat mass assessed by computerised tomography was reported in the breast cancer patients (Schapira et al. 1990) . These data support a role for specific locations of body fat in breast cancer development, necessitating the direct measurement of body fat at various sites to investigate the relationship. As mentioned earlier (p. 394) in relation to body fat distribution and premenopausal Obesity, central fat and breast cancer 397 breast cancer, direct measures of fat deposits such as computerised tomography used by Schapira et al. (1990) more accurately quantifies specific fat deposits, which may have differential effects on breast cancer risk. Therefore data from studies using direct measures should be given greater weight than those using less accurate indirect methods such as waist:hip ratio.
In the Nurses' Health Study in women aged 30-55 years at baseline, measures of central adiposity (measured as waist circumference) were moderately associated with post-menopausal breast cancer (Huang et al. 1999) . The risk for the highest v. lowest quintile of waist circumference was 1 . 34 (95 % CI 1 . 05, 1 . 72). When the analysis was restricted to those who had never taken hormone replacement therapy the RR was increased to 1 . 88 (95 % CI 1 . 25, 2 . 85) and slightly attenuated after controlling for BMI. The risk for waist:hip ratio when fully adjusted including BMI was 1 . 22 (95 % CI 0 . 96, 1 . 55) and when restricted to never using hormone replacement therapy was 1 . 85 (95 % CI 1 . 25, 2 . 74). These results are in agreement with the other prospective studies investigating regional adiposity, measured using indirect techniques, and breast cancer risk, which consistently reported strong associations for post-menopausal breast cancer (Ballard-Barbash et al. 1990; Folsom et al. 1990; Kaaks et al. 1998) .
Waist:hip ratio, and especially waist circumference, has been associated with postmenopausal breast cancer in most (Ballard-Barbash et al. 1990; Schapira et al. 1990; Bruning et al. 1992; Männistö et al. 1996) but not all (den Tonkelaar et al. 1992; Petrek et al. 1993) case-control studies. Waist circumference has been found to be a stronger predictor of breast cancer risk (Huang et al. 1999) and also for cardiovascular risk factors than waist:hip ratio (Lovegrove et al. 2002) . The pattern of abdominal fat deposition is believed to be genetically determined and is associated with multiple hormonal and metabolic changes, including insulin resistance, hyperinsulinaemia, decreases in SHBG, increases in androgen levels and the conversion of androgen to oestrogen in adipose tissue (Ballard-Barbash, 1994) , possibly explaining the reports of an increased risk of breast cancer with central rather than peripherally distributed fat.
Breast size
Breast size is considered a plausible proxy for volume of breast tissue at risk. The fat depots in the breast also contribute to local oestrogen concentrations and may act as a repository for lipid soluble carcinogens (Kohlmeier & Kohlmeier, 1995) . The literature is inconsistent, since although the majority of studies have not reported an association between breast size and risk, there are a few studies that have found a positive association between breast size and breast cancer risk (Dupont & Page, 1987; Hsieh & Trichopoulos, 1991; Egan et al. 1999) . The possible reasons for the lack of an association of several studies has been attributed to small sample size, lack of control for adiposity and misclassification of the exposure, since breast size after, rather than before, childbearing was used (Egan et al. 1999) . Egan et al. (1999) found an increased risk of breast cancer only among women who were large-breasted, lean as young adults and had a small back circumference (chest size under 34 inches). More controlled studies are required to clarify the relationship between breast size and breast cancer risk.
Possible mechanisms of breast cancer risk and obesity
The increased risk of premenopausal and especially post-menopausal breast cancer in taller, and more centrally obese women has been discussed in some detail earlier (see pp. 393 and 396). The possible mechanism involved in the relationship between increased adiposity, especially central adiposity, and the risk of breast cancer will be covered later (pp. 401 and 403). Table 2 summarises plausible mechanisms involved in the relationship of obesity and breast cancer.
Delayed symptom recognition
Obesity may be a contributing factor in delayed symptom recognition, which could be linked with the positive association between obesity and late-stage disease in post-menopausal women (London et al. 1989; Schapira et al. 1991; Hall et al. 1999) , and breast size and stage of breast cancer at diagnosis (Ingam et al. 1989; Hall et al. 1999) . Hall et al. (1999) investigated the relationship between stage of disease, and both BMI and breast size, stratified by method of detection, using data from a population-based case-control study of 1361 women diagnosed with breast cancer. Odds of late-stage disease were increased with BMI, the adjusted odds ratio for highest to lowest tertiles was 1 . 46 (95 % CI 1 . 20, 1 . 93), and for larger bra cup size, the odds ratio for cup D v. A was 1 . 61 (95 % CI 1 . 04, 2 . 48). It has been postulated that the association between BMI and disease stage is attributable to delayed symptom recognition in self-detection. However this hypothesis is not supported by evidence from the previously discussed study by Hall et al. (1999) , where the increase in late-stage breast cancer with BMI and bra cup size was not modified by detection method. Another study reported that self-examination, as practised by American women in 1959, did not reduce the risk of breast cancer mortality and did not differ according to weight (Holmberg et al. 1997) . In another study overweight and obese women were reported to be less likely to be screened for cervical and breast cancer with Pap smears and mammography, even after adjustment for other known barriers to care (Wee et al. 2000) . This could contribute to the later stage at diagnosis reported in obese women. Obesity prevalence in different populations (higher among black compared with white American women) has also been identified as playing an important role in the reduced likelihood of cancer being diagnosed at an early stage in these minorities (Jones et al. 1997) .
Delayed symptom recognition has also been postulated as a factor contributing to the negative association between BMI and premenopausal breast cancer, reducing the identification of tumours during this period (Willet et al. 1985) . However, this hypothesis is not supported by Pathak & Whittemore's (1992) data, which showed an adverse effect of adiposity among premenopausal women in moderate-risk countries. It is unlikely that obesity would delay cancer recognition in high-risk but not in moderate-risk countries. It was proposed that different BMI Obesity, central fat and breast cancer 399 (Folsom et al. 1990 ).
Sex hormones and breast cancer
Ovarian hormones, predominantly oestrogens and possibly androgens, have been identified as being important in the aetiology of breast cancer (Kaaks, 1996) . MacKenzie (1955) reported the mammary tumour-promoting effects of oestrogens in rodents. Since the 1960s, a large number of case-control studies investigating the relationship between endogenous steroid hormone levels and breast cancer have been conducted, and have been reviewed by Key & Pike (1988) and Bernstein & Ross (1993) . There is substantial evidence that high plasma levels of available oestrogens (those not bound to protein, either the specific carrier, SHBG or non-specific carrier, plasma albumin) are associated with increased risk of breast cancer, at least amongst postmenopausal women, on whom most studies have focused (Key & Pike, 1988; Bernstein & Ross, 1993) . Studies reported since these reviews also support this conclusion, with the New York Women's Health Study and the Breast Cancer Serum Bank Study reporting a RR of about 4 . 0 between the extreme quartiles of plasma free 17-β-oestradiol in post-menopausal women (Toniolo et al. 1995; Dorgan et al. 1996) . It has been reported that an early menarche, late menopause, low parity and a late first pregnancy are independently associated with premenopausal breast cancer, with substitutive oestrogen therapy also associated with increased risk (Kelsy & Bernstein, 1996) . The early menarche and late menopause increase the risk of breast cancer due to the increased exposure of the mammary glands to oestrogens and progesterone (Key et al. 2001) . A prospective analysis of the Dutch DOM cohort reported strong protective effects of early age of menopause and premenopausal breast cancer (Monninkhof et al. 1999) . Although the relationship between timing of pregnancies and breast cancer is not clearly understood, it has been hypothesised that an early first pregnancy and multiparity reduce risk, since sensitivity to the mammogenic effects of hormones is likely to be higher between puberty and the first full-term pregnancy, so that early pregnancies result in a shorter duration of action at this sensitivity (Stoll & Secreto, 1992) . Incidence rates of breast cancer rise less steeply in all populations after the menopause, when ovarian oestrogen production ceases (Key & Pike, 1988) . In post-menopausal women the principal source of oestradiol is from the androgen, androstenedione, which is secreted by the adrenal glands and aromatised by the enzyme aromatase to oestrone in the peripheral tissue, mainly the adipose tissue; some of the oestrone is then converted to oestradiol (Siiteri & MacDonald, 1973) . There is evidence that the relative potency of 17-β-oestradiol as a cancer-promoting oestrogen is considerably higher than oestrone (De Pergola et al. 1996) . However it is indisputable that high levels of bioavailable (or unbound) oestrogen are associated with an increased risk of breast cancer (Toniolo, 2001) . Some workers have postulated that high plasma testosterone is the predominant endocrine anomaly related to an increased risk of breast cancer and, in addition to oestradiol, could be the important endocrine risk factor for breast cancer. These data led to the formulation of the 'ovarian androgen excess' hypothesis (Zumoff, 1988) . Since this theory was proposed, data have been accumulating in support of an increased risk from elevated plasma testosterone levels. In addition to the Italian 'ORDET' study that reported a RR of 7 . 0 between the highest and lowest tertiles of circulating plasma testosterone (Berrino et al. 1996) , the Breast Cancer Serum Bank Study reported a RR of 6·2 for the highest v. lowest quartile of plasma testosterone in women . The possible mechanisms that may contribute to adverse effects of raised testosterone include: direct stimulation of the mitogenic activity of mammary gland cells, which possess the testosterone receptor; the increase in adipose tissue-derived 17-β-oestradiol due to aromatisation of testosterone; the stimulation of epithelial growth factor production with the consequential increase in the mitogenic activity of gland cells (Secreto & Zumoff, 1994) . The bioavailability of circulating testosterone levels is proposed to be dependent on the relative bound to unbound testosterone.
An important determinant of available (unbound) oestrogen and testosterone levels is the relative concentration of SHBG, which is synthesised in the liver and has specific binding sites for oestrogens and androgens. Most of the oestradiol and testosterone is protein-bound (about 40-50 % to SHBG and about 40-50 % to albumin) resulting in only about 2 % that is free and available to enter cells and bind to receptors. Since the binding capacity of albumin is very high, the primary determinant of the proportion of the steroid that is free is the concentration of SHBG, with an increase in serum SHBG concentration producing a corresponding reduction in the proportion of free steroid (Dunn et al. 1981) . Therefore the SHBG:oestradiol and SHBG:testosterone ratios are significant in relation to the risk of breast cancer development.
In addition to testosterone, other adrenal androgens such as dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS) have also been linked to breast cancer risk. It has been proposed that DHEA in premenopausal women can act as an antagonist of oestrogens, since its metabolite 5-androstene-3, 17 β-diole competes for oestrogen receptors, and has been found to reduce the growth-stimulating effects of 17-β-oestradiol on tissue growth in tissue culture studies (Ebling & Koivisto, 1994) . Therefore the relative proportion of DHEAS:DHEA is now believed by some to be an important consideration, with higher ratios considered to be associated with higher breast cancer risk (Nestler & Kahwash, 1994) .
Although most evidence has suggested that oestrogens are the major steroidal influence in mammary tumourgenesis, it has been proposed that progesterone may be the predominant mitogen for normal epithelium proliferation and that oestrogens (especially 17-β-oestradiol) may potentiate this effect via induction of increased progesterone receptor numbers (Kaaks, 1996) . However, in neoplastic epithelium, oestrogens appear to be the more predominant mitogen (Shi et al. 1994) . It has been postulated that tumour development is promoted most strongly at a simultaneous exposure to oestrogens plus progesterone (Henderson et al. 1985) . This was proposed after the clinical observation that normal epithelium proliferation rates are highest in the luteal phase of the menstrual cycle when both oestrogens and progesterones are high. Although there are inconsistencies in the literature, the progesterone plus oestrogen hypothesis in relation to increased breast cancer risk is now generally accepted.
The mechanism by which sex hormones affect cancer risk is probably largely through determining the number and mitotic rate of the epithelial cells in the breast (Cohen & Ellwein, 1990 ). High mitogenic rates can increase the chance of mutations occurring and of being replicated before repair has taken place, which in addition to increasing the growth of early tumours can increase cancer development (Cohen & Ellwein, 1990) . Liehr (2000) also hypothesised that metabolites from oestradiol could directly effect DNA mutations, although this is probably of minor significance (Key et al. 2001) .
Obesity, sex hormones and breast cancer risk
It is known that adipose tissue is not an inert fat store but an endocrine organ responsible for, amongst others, steroid hormone metabolism. Due to an enzymic complex (cytochrome-P450-dependent aromatisation) adipose tissue is able to convert androstenedione to oestrone and testosterone into 17-β-oestradiol (De Pergola et al. 1996) thesised by the adipose tissue represent around one third of the total plasma oestrogens in premenopausal women; yet after the menopause they represent the major single source of circulating oestrogens. Therefore any increase in fat mass would have a greater impact on the total oestrogen concentrations in post-menopausal, compared with premenopausal women. Excessive body weight has a significant influence on hormone levels in both pre-and postmenopausal women. In premenopausal women concentrations of oestrogens and androgens are homeostatically controlled through feedback loops involving the hypothalamus and anterior pituitary respectively. However serum total oestradiol levels were shown to decrease with increasing BMI in premenopausal women (Potischman et al. 1996) or to be unaffected (Verkasalo et al. 2001) . In contrast to premenopausal women, among post-menopausal women oestrogens are largely produced by conversion in adipose and other tissue and are not controlled by any feedback mechanisms (Key et al. 2001) . In post-menopausal women free oestrogen levels are higher in obese compared with non-obese women (Nagata et al. 2000; Key et al. 2001; Verkasalo et al. 2001) due in part to the increased plasma testosterone concentrations (Evans et al. 1983; Kirschner et al. 1990; Krotkiewski et al. 1990; Kaye et al. 1991) and decreased concentrations of SHBG (Kirschner et al. 1990; Schapira et al. 1991; Maggino et al. 1993; Kissebah & Krakower, 1994) . Numerous studies have shown without exception that the plasma concentration of SHBG falls with increasing BMI, with SHBG concentrations in thin women (BMI <20 kg/m 2 ) approximately 2-fold higher than large women (BMI >30 kg/m 2 ) (Key et al. 2001) . Although the mechanism for this effect has not been fully elucidated, it may be largely due to the rise in insulin levels with increasing BMI (Franks et al. 1991) . Testosterone has a higher affinity for SHBG, and is metabolised to 17-β-oestradiol in adipocytes. Therefore these two mechanisms result in an increase in the free 17-β-oestradiol concentrations (Kaye et al. 1991; Potischman et al. 1996) . The opposite relationship between endogenous oestrogen levels and body weight in pre-and postmenopausal women could explain the differing relationship between obesity and breast cancer before and after the menopause (Carroll, 1998) , although this needs further clarification.
Other studies reported that premenopausal women with female pattern obesity had higher oestrone levels than those with male pattern obesity (Kirschner et al. 1990; De Pergola et al. 1996) . The explanation for this finding was that the subcutaneous adipocytes preferentially converted androstenedione into oestrone, rather than 5α reduced androgens (androsterone). Subcutaneous adipocytes were reported to have higher levels of mRNA and a higher activity of P450-dependent aromatisation, when compared with visceral adipose tissue (De Pergola et al. 1996) . As discussed earlier, central adiposity, but not female pattern obesity was associated positively with an increased risk of premenopausal breast cancer. Therefore it can be concluded from the De Pergola et al. (1996) study that aromatisation of androsterone into oestrone alone is not likely to be a predisposing factor for breast cancer and supports previous data that oestrone is less carcinogenic than 17-β-oestradiol. However this is at present speculative and requires further clarification.
Another sex hormone that may be associated with the reduced risk of breast cancer in obese premenopausal women is progesterone. Premenopausal obese women have reduced progesterone levels, believed to be due to an increased frequency of anovulation and a decreased production of progesterone in the luteal phase of their menstrual cycles (Henderson et al. 1985) . This may contribute to a reduced risk of breast cancer in obese premenopausal women if the progesterone plus oestrogen theory is correct (see p. 400) (Key et al. 2001) . Moreover, leptin levels inhibit ovarian oestrogen production and are found in higher levels in obese premenopausal women, and may be another contributing factor to the negative association between obesity and breast cancer risk in premenopausal women (Spicer & Francisco, 1997; Petridou et al. 2000) .
Fat distribution, sex hormones and breast cancer risk
Hormone levels are greatly influenced not only by total fat mass (discussed earlier) but more significantly by fat distribution. The decreased synthesis of SHBG in overweight and obese women is predominantly linked to visceral obesity (Ballard-Barbash, 1994) and associated with hyperinsulinaemia (Kissebah & Krakower, 1994) . The consequence of this is an increased ratio of free:bound oestrogen and testosterone (Kissebah & Krakower, 1994) . The unbound, bioavailable oestrogen levels, as opposed to the total oestrogen levels, are believed to be the most significant in relation to breast cancer risk (Toniolo, 1997) . In post-menopausal women the incidence of obesity increases and is often centrally distributed. This is in turn linked to higher levels of oestrogens produced from androgens in the adipocyte (Shifren & Schiff, 2000) and decreased oestrogen-protein binding due to the reduction in SHBG, leading to higher bioavailable oestrone and 17-β-oestradiol (Bruning et al.1992; Maggino et al. 1993) . Increased levels of bioavailable androgens are also linked to a central fat distribution and increase breast cancer risk directly through increasing breast cancer cell proliferation after binding to androgen receptors (Bryan et al. 1984) , in addition to their influence on insulin sensitivity (discussed later, p. 404).
As discussed earlier, although obesity per se was reported to be weakly and inversely related to premenopausal breast cancer, central fat was positively linked with breast cancer risk in this group of women, although neither association was as strong as for post-menopausal breast cancer and adiposity. This anomaly of a negative association with obesity, but a weak positive association between central adiposity and premenopausal breast cancer risk, is difficult to explain but may be related to observed impacts of these body fat stores on sex hormone levels. It has been reported that premenopausal women with high visceral adiposity had higher levels of 17-β-oestradiol compared with peripherally obese women (Kirschner et al. 1990; De Pergola et al. 1996) . In visceral fat androstenedione was preferentially converted into 5α reduced androgens (androsterone), which could be further metabolised to 17-β-oestradiol. However, in peripheral adipose tissue androstenedione is converted to oestrone. Since 17-β-oestradiol has been shown to be more carcinogenic than oestrone this may be a contributing factor in the increased risk for central adiposity and premenopausal breast cancer (De Pergola et al. 1996) , although further research is required to clarify this.
The 'clearance' of androgens by adipocytes (mostly DHEA and androstenedione) in obese women is higher than in non-obese women, which explains why plasma levels of these hormones are usually normal despite increased ovarian production in obese premenopausal women (Schapira et al. 1991; Kissebah & Krakower, 1994) . In addition, hyperinsulinaemia, commonly associated with visceral fat deposition, has been reported to acutely increase the metabolic clearance rate of DHEA (but not DHEAS) in human subjects, resulting in a higher DHEAS:DHEA ratio (Nestler & Kahwash, 1994) . The adrenal androgen DHEA has been linked with a reduced risk of breast cancer, due to its metabolite (5-androstene-3, 17 β-diole) acting as an oestrogen antagonist (Ebling & Koivisto, 1994) and a reduction in the levels of DHEA or an increase in the DHEAS:DHEA ratio could conceivably be linked to an increased risk of breast cancer development. The relative levels of these adrenal androgens could contribute to the positive association found between central fat deposition and premenopausal breast cancer although further research is required to clarify this. However in support of this, it has been reported that in premenopausal women visceral fat was positively associated with plasma DHEAS:DHEA levels (De Pergola et al. 1996) .
Central obesity has been linked to hyperandrogenism, particularly elevated testosterone, elevated bioavailable 17-β-oestradiol and lower SHBG levels (Kaaks & Lukanova, 2001) . In addition to these hormonal abnormalities, obesity and especially central adiposity are associObesity, central fat and breast cancerated with lipid irregularities, hyperinsulinaemia and insulin resistance, which are believed to be the central link to an increased risk of breast cancer through mechanisms outlined below.
Lipids, insulin and breast cancer risk
It has been well documented that hyperinsulinaemia and insulin resistance is associated with obesity (Nagata et al. 2000) and more so with central adiposity (Evans et al. 1984; Bruning et al. 1992; Lovegrove et al. 2002) . Lipid abnormalities are also significantly and positively related to central adiposity in both pre-and post-menopausal women (Folsom et al. 1993; Lovegrove et al. 2002) . Insulin concentrations in premenopausal women (Kaaks, 1996; Del Giudice et al. 1998) have been shown to be positively associated with breast cancer. Kaaks (1996) hypothesises that nutritionally induced hyperinsulinaemia and insulin resistance are the fundamental metabolic changes that result in breast cancer development (Fig. 1) . Bruning et al. (1992) reported that C-peptide, a biological marker for insulin secretion, was associated with breast cancer risk, with higher C-peptide concentrations reported in breast cancer patients compared with controls (Bruning et al. 1992) . Insulin has been shown to act as a growth factor for breast cancer (Pollak, 1998) . There is also strong evidence that insulin is the central regulating factor for hepatic SHBG production (Toscano et al. 1992) and has been shown to inhibit the production of SHBG in liver cells (Plymate et al. 1990; Singh et al. 1990) . There is also relatively strong evidence that elevated plasma concentrations of insulin are related to lower SHBG levels in obese women (Franks et al. 1991; Fendri et al. 1994) . Lipid irregularities are also associated with obesity and insulin resistance. Fat deposits in the abdominal region, particularly around the viscera (i.e. omental) are subject to more rapid metabolism (Arner, 1995) . In times of stress (physical activity, fasting) this fat depot releases high concentrations of non-esterified fatty acids (NEFA) (Groop et al. 1991) . A number of studies show that the ability of insulin to suppress NEFA release in vivo is diminished in obese subjects (Groop et al. 1991; Minihane et al. 2000) , probably due to the insulin resistance known to be associated with excess body fat accumulation, which is associated with a reduction in insulin receptors and an increase in hepatic lipid oxidation (Frayn, 1993) . Elevated NEFA levels may also have a significant impact on breast cancer risk. NEFA are carried in the plasma bound to albumin, which also acts as a transport protein for circulating oestrogens. Due to the reduction in SHBG levels in central adiposity, an increased proportion of oestradiol will be carried associated with albumin. However, the elevated NEFA concentrations associated with central adiposity may be responsible for displacement of 17-β-oestradiol from albumin due to a higher affinity and increased competition, resulting in further elevation of the bioavailable proportion of oestradiol within the plasma (Lovegrove & Williams, 1997) . Elevated NEFA concentrations may also contribute to the development of insulin resistance through the adverse effects of high hepatic NEFA concentrations on hepatic insulin extraction rates and indirectly increase breast cancer development by increasing insulin resistance (Frayn, 1993; Kaaks, 1996) . Yet few studies have specifically investigated the relationship between NEFA, insulin resistance and breast cancer risk.
There are also contrasting hypotheses that relate insulin to hyperandrogenism. Until the late 1980s there was a predominant view that insulin resistance arose subsequent to an overproduction of ovarian androgens, especially testosterone (Evans et al. 1988) . Direct mechanisms are not clear, but androgens may favour a more central body fat distribution (Kissebah et al. 1987) or mobilise NEFA from adipose tissue (Björntorp, 1994) , which relates to the development of insulin resistance after long-term overeating, due to the adverse effects of high hepatic NEFA concentrations on hepatic insulin extraction rates (Kaaks, 1996) . However in the early 1990s, a reversal in the causal relationship was proposed, namely that high insulin levels potentiate the luteinising hormone-stimulated production of ovarian steroids and particularly testosterone (Nestler & Strauss, 1991) . This suggests that insulin resistance, linked to central obesity, could directly increase testosterone concentrations, which may have a detrimental effect on breast cancer risk. To support this hypothesis is the evidence that insulin can directly affect SHBG production (Plymate et al. 1990; Singh et al. 1990; Toscano et al. 1992) . The evidence for the association between insulin and breast cancer risk is strong. However an anomaly arises when the risk of breast cancer is investigated in women suffering from non-insulin-dependent diabetes (NIDDM). It has been reported that the risk of breast cancer in NIDDM women is no higher than those who do not suffer from NIDDM, despite the fact that NIDDM is associated with insulin resistance (Kaaks, 1996) . The explanation for this is uncertain, but the association between diabetes and breast cancer may have divergent effects on pre-and post-menopausal breast cancer risk and no study has calculated risk according to menopausal status. Further studies are required.
Insulin-like growth factors
In addition to insulin, insulin-like growth factors (IGF; predominantly IGF-1) (which are synthesised by liver and target tissue, including adipose tissue) are also associated with increased breast cancer (Stoll, 1996; Kaaks & Lukanova, 2001) . Both insulin and IGF-1 have been shown to have growth-stimulatory effects on breast cancer cell lines (Oh et al. 1993; Pollak, 1998) and Obesity, central fat and breast canceron proliferation mediated through IGF receptors (De Leon et al.1992) and by cross-talk between IGF-1 and oestrogens with regard to oestrogen receptors (Yee & Lee, 2000) . Like insulin, IGF-1 has a gonadotropic action, potentiating the production of steroid hormones, especially androgens, in the ovaries (Poretsky & Kalin, 1987) and, like insulin, IGF-1 inhibits the hepatic production of SHBG (Plymate et al. 1990; Singh et al. 1990) . Although plasma levels of IGF-1 are several hundred-fold higher than insulin they are generally bound to a number of specific proteins (IGF-binding proteins; IGFBP) and are therefore not bioavailable (Clemmons & Underwood, 1991) . Both IGF-1 and the predominant IGFBP, IGFBP-3, are regulated primarily by growth hormone. This is unlike IGFBP-1 levels, which follow the natural circadian variation shown by insulin and have been found to decrease after the infusion of glucose or insulin (Clemmons & Underwood, 1991; Kaaks & Lukanova, 2001) . Moreover, in women with obesity, fasting insulin levels have been found to correlate negatively with IGFBP-1 (Weaver et al. 1990 ). In addition insulin has been shown to inhibit IGFBP-1 production in the liver (Singh et al. 1990 ). Therefore, a decrease in the concentration of IGFBP-1 may be associated with an increased bioactive IGF-1 at the level of the target tissue, the ovaries and breast. Thus it has been postulated that insulin may exert its negative effect on steroid hormone metabolism by increasing the bioavailable IGF-1 within the ovaries (Poretsky & Kalin, 1987; Yee & Lee, 2000; Kaaks & Lukanova, 2001) (Fig. 1) . In support of the relationship between IGF-1 and breast cancer it has been reported that premenopausal (Hankinson et al. 1998) 
Fat tissue storage
Fat tissue has the capacity to store fat-soluble circulating toxins, medications and certain vitamins, and stored toxins can act as a continuous source of toxins (Kohlmeier & Kohlmeier, 1995) . Thus women who have more body fat may be at higher risk of toxin exposure, especially if it is local fat stores of the breast (McTiernan, 2000) . Conversely fat-soluble antioxidants such as vitamin A, D and E stored in fat could conceivably reduce risk.
Future research
Although there is a strong body of evidence for a positive relationship between obesity, especially adiposity centrally deposited, and post-menopausal breast cancer risk and a weaker negative relationship between obesity and premenopausal breast cancer, there is no doubt that more research is required to identify the exact mechanisms underlying these differential relationships. Priorities for future research include: a better and more direct measure of anthropometric measures; studies on the effects of these factors on risk of breast cancer throughout life with emphasis on ethnic minorities; intervention trials on weight-loss programmes and maintenance, diet and physical activity; research into biological mechanisms. Past clinical and biochemical studies have provided a basis for speculation into possible mechanisms, but plausible hypotheses that have emerged need to be tested by second-generation studies based on molecular mechanisms. One emerging interaction is that between IGF-1 receptors and oestrogen receptors, which is involved with stimulating the progression of carcinogenesis in both normal and neoplastic mammary tissue. This and other hypotheses should be tested in controlled clinical studies.
Conclusion
An excess of dietary energy intake over energy expenditure leads to increases in BMI and eventually to obesity. BMI affects the development of hormone-dependent breast cancer, although the nature of the relationship varies between the two types that are determined by menopausal status and depends on age. In premenopausal women, obesity has been linked to a small reduction in sex hormones, including oestradiol and progesterone. A contributing factor to the effect of obesity on sex hormone levels is an increase in the frequency of anovular menstrual cycles, which may explain the small decrease in breast cancer that has been observed in some studies. However in post-menopausal women, obesity causes an increase in plasma concentrations of bioavailable oestradiol, known to increase the risk of breast cancer. Central adiposity has been positively associated with both premenopausal (although the evidence is limited) and postmenopausal breast cancer and has been linked to a state of hyperinsulinaemia and insulin resistance with the consequential effects on bioavailable oestradiol, androgens, IGF and specific hormone-binding proteins. Further research is required to determine the interrelationship between the aforementioned parameters and the precise mechanisms of actions. As obesity is one of the few modifiable risk factors that has been linked detrimentally to a number of chronic diseases, public health recommendations to maintain ideal weight throughout life are warranted.
